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INTRODUCTION 
A d e s i r e  fo r  op t imal  energy  recovery  from biomass has  l e d  t o  furnace  

s imula t ion  ( 1 )  and i n t e r e s t  i n  chemicals product ion  has led  to biomass g a s i f i e r  
modeling (2) .  However, g loba l  c o n s i d e r a t i o n s  employed i n  t hese  models g ive  
l i t t l e  i n s i g h t  i n t o  fundamental  phys ica l  and chemical p rocesses  occur ing  i n  
ind iv idua l  biomass p a r t i c l e s  du r ing  d e v o l a t i l i z a t i o n .  I n  prev ious  s t u d i e s  
address ing  t h e s e  processes ,  t h e  emphasis has  been on burning times ( 3 ) ,  h e a t  
t r a n s f e r  r a t e s  (41, and weight loss rates (5) r a t h e r  than  de ta i l ed  p r e d i c t i o n  of 
v o l a t i l e s  composition dur ing  py ro lys i s .  Deta i led  i n t r i n s i c  k i n e t i c s  s t u d i e s  of 
small biomass p a r t i c l e s  to de termine  py ro lys i s  product d i s t r i b u t i o n  as a 
func t ion  o f  temperature and time have been conducted (6 ,7) .  However, t h e  
r e s u l t s  em cor re l a t ed  with A r r h m i u s  type  equa t ions  using b e s t - f i t  parameters 
r a t h e r  than parameters r e l a t e d  to chemical s t r u c t u r e .  The l a t t e r  I s  a d i f f i c u l t  
t a s k  given t h e  d ive r se  p h y s i c a l  na tu re  of biomass ( 8 )  and t h e  complex molecular 
s t r u c t u r e  of t h e  n a t u r a l  polymers of which it is composed (9). Indeed, t h e  
e f f e c t s  of p a r t i c l e  s i z e  and phys ica l  mic ros t ruc tu re  ( an i so t ropy)  on 
d e v o l a t i l i z a t i o n  have n o t  been s y s t e m a t i c a l l y  inves t iga t ed  i n  exper iments ,  nor 
modeled using fundamental  p r i n c i p l e s .  To what e x t e n t  t h e  i n t e r n a l  geometry o f  
t h e  mod in f luences  t h e  rates o f  h e a t  and mass t r a n s f e r ,  and thus  t h e  r e a c t i o n  
products ’  composition, is l a r g e l y  unkmwn. O f  p a r t i c u l a r  importance is t h e  
a b i l i t y  to p r e d i c t  t h e  r e l a t i v e  propor t ions  o f  cha r ,  tar, and gas (and 
components t h e r e i n )  t h a t  r e s u l t  from a given biomass thermal convers ion  process  
and given feeds tock .  

The gca l  of t h i s  uork is t o  use fundamental cons ide ra t ions  to p r e d i c t  
changes i n  biomass p y r o l y s i s  p roduc t  composition. The approach taken ki to 
model a s ing le ,  wel l -charac te r ized  biomass p e l l e t  under vary ing  cond i t ions  
du r ing  pyro lys i s .  Th i s  model can then be used to r e f l n e  t h e  g a s i f i e r  and 
combustor models when a s u i t a b l e  d i s t r i b u t i o n  func t ion  f o r  t h e  feeds tock  
c h a r a c t e r i s t i c s  is determined. Independent v a r i a b l e s  are f eeds tock  
charac terist ics ( p a r t i c l e  s i z e ,  d e n s i t y ,  mois ture ,  composition) and thermal  
conversion process c h a r a c t e r i s t i c s  ( h e a t i n g  ra te ,  d i l u e n t  g a s  composition).  
Dependent v a r i a b l e s  pred ic ted  are i n s t an taneous  p a r t i c l e  temperature and d e n s i t y  
p r o f i l e s ,  gas and tar r e l e a s e  rates, and char  y i e l d s  a s  well as u l t i m a t e  y i e l d s .  

For v e r i f i c a t i o n  of t h e  model, exper iments  e r e  conducted accord ing  to a 
Box-Behnken des ign ( l0 ) .  A 1-D model is presented here  for comparison wi th  t h e  
exper iments ,  and a 2-D model is be ing  developed. Understanding gained from t h i s  
model w i l l  a i d  i n  process  des ign  f o r  biomass g a s i f i c a t i o n ,  wood combustor 
des ign ,  a s  vel1 as  a i d  i n  fire s a f e t y .  

BRIEF EXPERIMENTAL DESCRIPTION 
The experimental  a p p a r a t u s  i s  descr ibed  i n  d e t a i l  elsewhere (11-13). 

B r i e f l y ,  it is a s i n g l e  p a r t i c l e ,  .l-D r e a c t o r .  One f ace  of a wel l -charac te r ized  
c y l i n d e r  o f  wood, compressed sawdust,  c e l l u l o s e ,  ar p g n i n  is heated by a 
combustion- l e v e l  r a d i a n t  hea t  source  (4-12 cal/cm -SI. A s  t h e  temperature 
f r o n t  a t  which r e a c t i o n  occurs  moves inward, v o l a t i l e  s p e c i e s  f low toward t h e  
heated f ace  under a slight pressure  g r a d i e n t .  The escaping  v o l a t i l e s  reduce t h e  
i n c i d e n t  r a d i a t i o n  and t h e  time- dependent magnitude of t h i s  e f f e c t  is 
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quan t i f i ed  (11) .  The progress  of t h e  temperature f r o n t  is monitored by 3 

measured wi th  an  i n f r a  red pyrometer.  Density p r o f l l e s  a long  t h e  l e n g t h  of t h e  
p e l l e t  ( i n t eg ra t ed  over  t h e  d iameter )  are taken v i a  an X-ray technique. 

Outflowing v o l a t i l e s  a r e  r a p i d l y  quenched by helium and swept to a co ld  
t r a p  where water and t a r s  are co l l ec t ed  and amlyzed  i n  d e t a i l  (11 )  as  a 
t ime-integrated sample . Uncondensed g a s e s  a r e  sampled every  3-15 sec by a n  

, thermocouples a t  2,  4 ,  and 6 mn from t h e  su r f ace  and the  su r face  tempera ture  i s  

Heat Trans fe r  Model 
A one d imens ioml  energy ba lance  on t h e  d e v o l a t i l i z i n g  p a r t i c l e  i s  

schemat ica l ly  shown i n  F ig .  1. A t ime-varying r a d i a n t  h e a t  f lux  ( Q l ) ,  uniform 
i n  t h e  r a d i a l  d i r e c t i o n ,  h e a t s  t h e  f ace  of t h e  p a r t i c l e .  Conduction ( Q U I  is  
o f f s e t  by v o l a t i l e s  ou t f low (Q6). The v o l a t i l e s  are assumed to be i n  thermal  
equi l ibr ium wi th  the  s o l i d  behind t h e  r e a g t i o n  f r o n t  a s  they  f low and 
are assumed to flow i n  one d i r e c t i o n  only  . 

The hea t s  o f  r e a c t i o n  fo r  mod  are no t  well-known and they  have been 
observed t o  be func t ions  of p a r t i c l e  s ize  (15) .  I n  t h i s  model, t h e  l a t e n t  h e a t  
o f  water is t r ea t ed  a s  a h e a t  o f  r eac t ion (Q 1, and t h e  hea t  o f  t h e  
d e v o l a t i l i z a t i o n  r e a c t i o n  (lumped wi th  Q is ' treated as a parameter u s ing  
published va lues  a s  bounds (16).  

I n  t h e  r a d i a l  d i r e c t i o n ,  t h e  c y l i n d e r  i s  considered in su la t ed  and 
impermeable. The heated f ace  boundary cond i t ion  inc ludes  r a d i a t i o n  hea t  l o s s  
(Q and convection hea t  loss (Q2) which is described us ing  t h e  c a r r i e r  gas  
f l Jwra te .  The outflowing C 0 2  ,and H20 abso rb  t h e  inc iden t  r ad ia t ion .  Th i s  
phenomena is t r ea t ed  using an  es t imated  absorp t ion  c o e f f i c i e n t  fo r  water i n  t h e  
model, t h e  inc iden t  r a q i a t i o n  is reduced by an amount cor responding  to t h e  
in s t an taneous  water outflow. The unheated face is considered impermeable to 
v o l a t i l e s  owing to t h e  imposed p res su re .  Rad ia t ive  (Q8) and convec t ive  h e a t  
l o s s  (Q a t  t h i s  su r f ace  are t r e a t e d ,  however. The f i l m  h e a t  t r a n s e r  
c c e f f i c i z n t  a t  each f ace  was ca l cu la t ed  us ing  Nusse l t  number c o r r e l a t i o n s  and 
t h e  p r o p e r t i e s  and f lowra te  o f  helium a t  c o n d i t i o n s  of t h e  experiments.  

1 21t h a s  been ve r i f i ed  by Lee, e t  a l ,  (17) .  
Experimental ve r i f i ca t ion  of t h e  n e t  r a d i a t i o n  a r r i v i n g  a t  t h e  

s u r f a c e  du r ing  a t y p i c a l  run  was accomplished us ing  a Medtherm hea t  
f l u x  gauge. These r e s u l t s  were matched to t h e  model u s ing  a va lue  f o r  
t h e  abso rp t ion  c o e f f i c i e n t  which was a b e s t - f i t  parameter. 

--__ 

outward, 

5 

and 

_______---_-_________ 
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For most previous  modeling s t u d i e s ,  t h e  thermal  conduc t iv i ty  and hea t  
capac i ty  of rood w e r e  modeled as  l i n e a r  func t ions  o f  t h e  in i t ia l  and f inal  
(char) values (18)  us ing  e i t h e r  t h e  p o r o s i t y  or dens i ty  change (18-21). It 
should be observed, however, t h a t  t hese  nwdels r equ i r e  a f i n a l  cha r  dens i ty ,  
hea t  capac i ty ,  and c o n d u c t i v i t y  f o r  every case cons idered ,  r e s t r i c t i n g  t h e i r  
u t i l i t y  and prede termining  t h e  ca l cu la t ed  &ar y ie ld .  A d d i t i o r a l l y ,  i n  t h i s  
study experimental  measumments of temperature p r o f i l e s  a s  a func t ion  of time 
indica ted  t h a t  t h e  thermal  conduc t iv i ty  was a n  o r d e r  of magnitude h igher  t h a n  
would be  p red ic t ed  i f  it were a func t ion  of d e n s i t y  a lone .  Unfo r tu ra t e ly ,  few 
measurements of m o d  the rma l  p rope r t i e s  have been a d e  a t  h igh  temperature 
because o f  t h e  a t t e n d a n t  chemica l  r eac t ion .  Thermal conduc t iv i ty  was measured 
for our samples a t  low t empera tures  and a model amlogous  to Birkebak and Ozi l  
(22) was d e v e l o p d  to d e s c r i b e  a r a d i a t i o n  c o n t r i b u t i o n  to t h e  temperature 
v a r i z t i o n  (11.13). The hea t  capac i ty  and p o r o s i t y  of wood were described by 
l i n e a r  func t ions  of t h e  d e n s i t y ( l l , l 3 ) .  

Chemical Reaction Model 
A schemat ic  of t h e  chemical r e a c t i o n s  considered and the  lumping scheme fo r  

g a s ,  t a r ,  and secondary  gases  i s  given i n  Table  1. Rate c c e f f i c i e n t s  f o r  
r e a c t i o n s  1,2 and 4 were taken  from Ref. ( 6 ) .  Tar c rack ing  r e a c t i o n  ra tes  ( k  ) 
were taken from Refs. (23) and (24) and a lpha  and be ta  are a d j u s t a b l e .  d e  
c h a r  production rate ( k  ) i s  es t imated  from t h e  work of Shaf lzadeh ,  who has  
measured t h e  arithmetic3sum of cha r  production and gas product ion  ( 2 5 ) .  I n  t h i s  
work ,k must be viewed as a parameter ,  and as discussed below, t h e  model is 
e x t r e m h y  s e n s i t i v e  to its va lue .  Water product ion  by evapora t ion  and 
dehydra t ion  r e a c t i o n s  are lumped (kq )  and t r ea t ed  as a n  a c t i v a t e d  process.  The 
genera t ion  term i n  t h e  energy equa t ion  con ta ins  t h e  hea t  of vapor i za t ion  of 
water, s ince  it is l a r g e r  t h a n  t h e  h e a t s  of r e a c t i o n  measured for hood (15,16). 

Mass Trans fe r  Model 
I n  prev ious  models, w i th  a s i n g l e  r e a c t i o n  s t e p  (weight  loss k i n e t i c s ) ,  t h e  

product  d i s t r i b u t i o n  is una l t e red  b y  t h e  presence  or absence of  a f i n i t e  mass 
t r a n s f e r  rate (26) s i n c e  on ly  a lumped gas s p e c i e s  is descr ibed .  The only  
p o s s i b l e  impl ica t ion  of a slow mass t r a n s f e r  s t e p  is a delayed appearance of t h e  
v o l a t i l e s .  The experimental  s t u d i e s  (11)  ind ica t ed  t h a t  a mass t r a n s f e r  
r e s i s t a n c e  was not  s i g n i f i c a n t  for hea t ing  p a r a l l e l  t o  t h e  g r a i n  d i r e c t i o n .  
S ince  t h e  model is one d imens iona l ,  an i so t ropy  is n o t  treated and inc lus ion  of a 
mass t r a n s f e r  r e s i s t a n c e  a t  t h i s  stage is not warranted. The previous  a r a l y s i s  
of c h a r a c t e r i s t i c  times fo r  mass t r a n s f e r  is c o n s i s t e n t  wi th  t h i s  observa t ion  
and the  r a t h e r  open parous  s t r u c t u r e  of wood. For comparison to experiment,  t h e  
v o l a t i l e s  mass f l u x  i s  computed as the  in s t an taneous  i n t e g r a l  ove r  t h e  pellet 
l e n g t h  o f  t h e  local t o t a l  change i n  d e n s i t y  (11,131, 

Numerical Method and Equat ions  
Limited space i n  t h e  p r e p r i n t  p reven t s  t h e  p re sen ta t ion  of the  de t a i l ed  

equat ions .  However, earl ier ve r s ions  of t h e  m d e l  equa t ions  appear  i n  Ref. 
( 1 1 )  and t h e  cu r ren t  model w i l l  b e  d e t a i l e d  i n  a forthcoming p u b l i c a t i o n  (13) .  
The coupled p a r t i a l  d i f f e r e n t i a l  equa t ions  f o r  t h e  p e l l e t  t empera ture ,  and 
s p e c i e s  concen t r a t ions  are solved i n  d imens ionless  form us ing  a GEARB package 
(F in layson ,  1980). For ease of comparison wi th  exper imenta l  r e s u l t s ,  i n  t h i s  
paper  model p r e d i c t i o n s  are given in dimens iora l  f o r m .  The cases of t h i c k  
p e l l e t s  heated by high h e a t  f l u x  r e s u l t  i n  ve ry  s h a r p  temperature and r e a c t i o n  
f r o n t s  which lead  to "stiff" systems of equa t ions .  Computation times and 
comnents appear  i n  Refs. 11 and 13. 

~~- 
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RESULTS AND DISCUSSION 

Comparison of t h e  measurements to model p r e d i c t i o n s  of t h e  unsteady 
temperature profile a s  a funct ion of t ime a t  3 l o c a t i o n s  a r e  shown In Fig.  2 
f o r  t h e  case of an intermediate  hea t  f l ux  and t h e  t h i n n e s t  p a r t i c l e ,  0.5 Cm. 
The model ove rp red ic t s  t h e  temperature a t  s h o r t  r e a c t i o n  t imes,  b u t  
s a t i s f a c t o r i l y  p r e d i c t s  t h e  pseudo-steady temperatures  a t  s e v e r a l  dep ths  a f t e r  
200-30  secs .  For o t h e r  cases ,  s i m i l a r  ove rp red ic t ion  occurs  e a r l y  i n  t h e  
py ro lys i s ,  tut t h e  s teady s t a t e  temperatures  an? i n  agreement with experiment 
even fo r  t h e  highest  h e a t  f lux and t h i c k e s t  p a r t i c l e .  Previous s t u d i e s  (5,18) 
reported on ly  p r e d i c t i o n s  of s teady s t a t e  temperatures .  It is f e l t  t h a t  
ref inement  of t he  absorpt ion model f o r  t h e  n e t  r a d i a n t  h e a t i n g  of t h e  wood 
s u r f a c e  w i l l  enhance agreement of temperature p r o f i l e s  i n  t h e  e a r l y  r e a c t i o n  
per iod (11 ) .  

Fig. 3 presen t s  t h e  comparison of  predicted gas r e l e a s e  r a t e  to 
experimental  measurements f o r  t h e  same case  a s  Fig.  2. Only uncondensed g a s  
f l u x  (not  t a r  and water)  is presented in t h e  f i g u r e .  A s  can be seen both t h e  
magnitude and shape of t he  v o l a t i l e s  r e l e a s e  curve a g r e e  r a t h e r  w e l l  w i t h  
experiment.  Correct ion of t h e  temperature ove rp red ic t ion  discussed e a r l i e r  W i l l  
d e l ay  the  predicted g a s  r e l e a s e ,  i n  b e t t e r  agreement wi th  experiment.  

Extensive comparisons between model and experiment cannot be presented;  
however, s i m i l a r  agreement t o  t h a t  shorn In F igs .  2 and 3 e x i s t s  f o r  most c a s e s  
st u d i e d  by experiment. Numerical d i f f i c u l t i e s  a r e  encountered fo r  t h e  c a s e s  
with t h e  sha rpes t  f r o n t s ,  i . e . ,  s t e e p e s t  temperature g r a d i e n t s  r e s u l t i n g  from 
high h e a t  f l ux  and t h i ck  samples. O s c i l l a t i o n s  i n  t h e  temperature and d e n s i t y  
p r o f i l e s  occur and a refinement of t h e  numerical  methods is ind ica t ed  (27) .  
However, t h e s e  o s c i l l a t i o n s  have l i t t l e  e f f e c t  on t h e  p r e d i c t i o n  of  Ult imate  
product d i s t r i b u t i o n .  As shorn i n  Table  2 ,  t h e r e  is s a t i s f a c t o r y  agreement 
between predicted and measured gas, t a r ,  and cha r  y i e l d  fo r  most cases .  
Agreement between these  va lues  was s u b s t a n t i a l l y  improved when t h e  experimental  
mass balance on water  was very c a r e f u l l y  analyzed and when t h e  moisture r e l e a s e  
r a t e  i n  t h e  chemical r e a c t i o n  model and t h e  energy balance was included.  

A s i g n i f i c a n t  advance r e s u l t i n g  from t h i s  modeling approach is t h a t  i t  is 
unnecessary to assume or measure a f i n a l  value for cha r  y i e l d  and thermal 
p r o p e r t i e s .  Since char depos i t i on  is e x p l i c i t l y  t r ea t ed  in t h e  chemical 
r e a c t i o n  model, it is o f  i n t e r e s t  to examine F ig .  4 i n  which t h e  l o c a l  d e n s i t y  
o f  char is presented a s  a func t ion  of r e a c t i o n  time f o r  a case s i m i l a r  t o  those  
p rev ious ly  discussed.  There is a s l i g h t l y  g r e a t e r  f r a c t i o n  of char produced 
when t h e  r e a c t i o n  f r o n t  is deeper  in t h e  sample, owing to t h e  reduced h e a t i n g  
r a t e  experienced t h e r e .  This  is c o n s i s t e n t  with gene ra l  obse rva t ions  i n  c o a l  
and mod pyro lys i s  t h a t  i n d i c a t e  char y i e l d  i n c r e a s e s  with slower heat ing.  
S ince  m char g a s i f i c a t i o n  r e a c t i o n s  are c u r r e n t l y  incorporated i n t o  t h e  
r e a c t i o n  model, t h e  char  deposited near  t h e  s u r f a c e  of t h e  sample r e t a i n s  i t s  
i n i t i a l  d e n s i t y  throughout t h e  r e a c t i o n  per iod.  While it was foreseen t h a t  
p r e d i c t i o n s  of  t h i s  nature  could be confirmed with t h e  X-ray d e n s i t y  p r o f i l e s ,  
t h e  r e s o l u t i o n  of t h i s  method is no t  s u f f i c i e n t  t o  confirm t h i s  p red ic t ion .  

The r a t e  c o e f f i c i e n t  used f o r  t h e  char  depos i t i on  r e a c t i o n  is estimated 
from the  w r k  of Shafizadeh (25).  Behind t h e  r e a c t i o n  f r o n t  t h e  deposited char 
i n s u l a t e s  t h e  unreacted wood and char  thermal  conduc t iv i ty  determines t h e  
subsequent  temperature p r o f i l e  and rate of py ro lys i s .  Thus, t h e  model is q u i t e  
s e n s i t i v e  to both the  value of  t h e  r a t e  c c e f f i c i e n t  far cha r  depos i t i on  a s  vel1 
as  t h e  model f o r  t h e  v a r i a t i o n  of wood and char thermal  conduc t iv i ty  with 
d e n s i t y  and temperature.  If too l i t t l e  cha r  is pred ic t ed ,  t h e  char  dens i ty  is 
t o 0  low r e s u l t i n g  i n  t o o  slow a p y r o l y s i s .  If t h e  char  thermal  p r o p e r t i e s  a r e  
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i n c o r r e c t  a s  a func t ion  of t empera tu re ,  t h e  r e a c t i o n  can t e rmina te  prematurely 
or runaway can occur.  A d e f l n i t e  need e x i s t s  fo r  information on cha r  depos i t i on  
r a t e s  from ca rbon iz ing  v a r i o u s  f u e l  s p e c i e s  (28) ,  as  well a s  on char thermal 
p r o p e r t i e s  ove r  a wide r ange  of  temperatures  and p o r o s i t i e s .  

S I M M A R Y  
A mathematical  model of  wood pyrolysis  has been presented t h a t  is  i n  

s a t i s f a c t o r y  agreement with experimental  r e a c t i o n  product d i s t r i b u t i o n s  ove r  a 
range of cond i t ions  of p r a c t i c a l  importance f o r  g a s i f i c a t i o n  and COmbustiOn. 
Both chemical and phys ica l  p rocesses  a r e  described using fundamental p r i n c i p l e s .  
Inc lus ion  of w a t e r  r e l e a s e  and char depos i t i on  k e m i c a l  r e a c t i o n s  r e s u l t s  i n  
p r e d i c t i o n s  of  u l t i m a t e  p roduc t  d i s t r i b u t i o n s  (gas ,  t a r ,  and char y i e l d s )  t h a t  
a r e  in  good agreement w i t n  experiment and can a i d  i n  op t imiza t ion  of  processes  
t o  mximnze or ndnimize t a r  product ion.  P r e d i c t i o n s  of  products  i n s t an taneous ly  
r e l eased  from a s i n g l e  wood p e l l e t  are i n  f a i r  agreement with experiment.  
Computational d i f f i c u l t i e s  a r e  encountered fo r  t h e  cases  with t h e  s t e e p e s t  
temperature g r a d i e n t s .  

Previous s t u d i e s  (29 )  using a complex k i n e t i c  mechanism and h e a t  t r a n s f e r  
i n  a wood s l a b  made no comparison t o  experimental  r e s u l t s .  Thus, t h i s  s tudy  
provides  both a d a t a  base  (11 ) and a fundamental modeling approach t h a t  w i l l  
enhance t h e  understanding of t h e  e f f e c t s  of  phys i ca l  p r o p e r t i e s  and p rocesses  on  
t h e  chemistry of d e v o l a t i l i z i n g  biomass. P resen ta t ion  of s e n s i t i v i t y  a n a l y s e s  
and f u r t h e r  v e r i f i c a t i o n  comparisons of t h e  model a r e  presented i n  a forthcoming 
a r t i c l e  (13 ) .  Cur ren t ly ,  p y r o l y s i s  product d i s t r i b u t i o n  a s  a func t ion  of  
p a r t i c l e  s i z e  can be p red ic t ed  on ly  f o r  t h e  1-D case.  Extension of t h e  model 
and experiments to r e a l i s t i c  c a s e s  using 2-D samples is planned. 
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0 2  

Fig. 1 - Schematic diagram of t h e  
h e a t  t r a n s f e r  model. 

TABLE 1 

CHD(1UL R U C T I O N  UODEL 

k . C f l 0 "  Frcguency Factor. s-' EA, kcallaal 

s l c l  1.3 1 108 3 3 . 5  

a 2.0 I 108 31.19 

I l c  1.08 x 10' 29. 

" :u 1.11 x 106 21. 

TI 2 .zG2 + BT2 1.111 x 10' 27.29 

Lumped Speclcr Symbol 1dentlflCaliDn 

s 
C 

solld wood 

char.  high aolecul*r weight  I., 
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Fig. 2 - 

TABLE 2 
ULTIMATE PRODUCT DISTRIBUTION COMPARISON 

EXPERIMENTAL RESULTS AND MODEL PREDICTIONS 

2 )  Tor L - 1.0 C I .  nr.t PI"' - 2 c.I /c2- . .c .  

C.. - T., - a3.r - 
node1 28.65 58.41 11.88 
Lxpc. 15.12 62.11 12.51 

TEMP. COMPARISON 0ETWEEN THE EXPT. RESULTS AND THE 
MODEL P e E D l C T l O N  ( 0 . 5  CU. HEAT FLUX-4 CAL/CHZ-SEC> 

1000 

900 1 
7 

100 '0° r 
I I I I I I 

0 100 200 300 4 0 0  500 600 

T l M E  (SECONOS) 

Temperature p r o f i l e  comparison - experiment (dashed l i n e s )  
and model p r e d i c t i o n  (symbols) - 0.5 cm; p = -37 g /cc ;  
i n i t i a l  t he rma l  conduc t iv i ty  = 3.8 x cal/cm-s-OK 
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COMPARISON OF THE GAS F L U X  BETWEEN T H E  EXPT. A N 0  
T H E  HOOEL (0.5 CH. HEAT F L U X - 4  C A L K H Z - S E C )  

.E2 

N i 

0 1 0 0  200 300 4 0 0  500 600 7 

T I M E  (SECONOS) 

0 

Fig. 3 - Total gas flux comparison - same conditions as Fig. 2 

50 S E C  
100 S E C  
200 SEC 

..... 
-__ __  

P R E O I C T I O N  OF CHAR D E N S I T Y  FROM THE MOOEL 
( P A R A L L E L  GRAIN. HEAT F L U X - 4  CAL /CHZ-SEC> 

0 . 1 5 ~  

20 S E C  .... 

0. 125. 

8 0 . 1  , 
\ 

t! 

VI 

W 

I- - 

0 0. 1 0. 2 0. 3 0. 4 

P E L L E T  LENGTH (CH> 

5 

Fig. 4 - Predicted char deposition as a function of time - same 
conditions as Figs. 2 6 3. 
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